Since pioneering work done by Sharpless et al., [1] [2] [3] [4] [5] [6] [7] there has been a tremendous research interest focused on the exploration of in situ tetrazole organic ligand synthesis through [2+3] cycloaddition reactions between organic cyano compounds and NaN 3 in the presence of Lewis acid catalyst such as Zn 2+ ions. [8] [9] [10] [11] As a result, there is much research concentrated on the crystallographic characterization of such intermediates containing metal ion and exploration of their applications in nonlinear optical, fluorescent (or phosphorescent), ferroelectric, and chiral properties.
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To the best of our knowledge, most of the metal tetrazole compounds reported by literature are zinc, cadmium and manganese complexes etc., only a few copper tetrazole complexes from Demko-Sharpless [2+3] cycloaddition reaction were reported. 3, 4 Moreover, in most of reported copper tetrazole complexes, the central copper atoms often adopt either four or five or six coordination modes, three coordination modes of copper complexes have not been reported before. Fortunately, when we perform pure inorganic complex bis-(4-cyanopyrdine)copper(II) azide replacing the organic cyano group and NaN 3 during Sharpless's tetrazole synthesis, we got a novel two-dimensional copper(I) tetrazole complex with a rare irregular trigonal planar coordination mode of Cu(I). To our surprised, different from other copper(I) tetrazole complexes, 3, [12] [13] [14] there exist a interesting Cu-Cu metal (3.258 Å) bonds in the crystal structure of title compound. Moreover, the Cu-Cu metal bond distance is obviously shorter than that of Gao (3.421 Å) 15 and Dan li 16 (3.484-3.592 Å) et al.'s work. Herein we report the synthesis, crystal structure, XPS and luminescent property of these intermediates.
Experimental
As shown in Scheme 1, a heavy walled Pyrex tube containing a mixture of Cu(4-cyanopyridine) 2 (N 3 ) 2 (0.0252 g, 0.1 mmo1), MnCl 2 (0.0125 g, 0.1 mmo1), water (0.5 mL) and ethanol (1.0 mL) was frozen and sealed under vacuum, then placed inside an oven at 160 o C. The pale yellow blocklike crystals were obtained after 24 hours of heating. Crystal data of 1 was selected on a Bruker P4 diffractomerter with graphite-monochromated MoKα radiation (λ = 0.71073 Å) at 296 K using the θ-2θ scan technique. The crystal structure was solved by direct methods with SHELXS-97 program. 17, 18 Detailed information about the crystal data and structure determination for title compound is summarized in Table 1 . The selected intra atomic distances and bond angles are given in 
Results and Discussion
The pale yellow crystals of the title compound suggest it may be a Cu I complex, as we know, most of the Cu and 2100 cm −1 disappeared in the IR spectrum of title compound, indicating the [2+3] cycloaddition reaction between cyano group and azide anion has occurred. [19] [20] [21] In addition, a new broad middle absorption around the 3400 cm −1 suggests the existence of water molecules in title compound. Crystallographic data of 1 (Table 1) suggest that title compound belong to monoclinc crystal system, C2/c space group. As shown in Figure 1 , the basic unit cell of Notes compound 1 contains one central copper metal atom, one tetrazole ligand and one cocrystallized water molecules. Each tetrazole group loses one proton and the oxidation state of copper is clearly +1. As we expected, in the reaction, the Mn 2+ act as a Lewis acid catalyst, the N 3− have been reduced to tetrazole group, the Cu II have been reduced to Cu I and the CN group have been oxidized to tetrazole group. To our surprise, although the original intention of our experiment is to prepare the Cu-Mn heterometallic complex, the target compound was turned to be a novel single metal Cu I complex; we also performed further experiment using other transition metal salts (ZnCl 2 or CdCl 2 , et al.) instead of the MnCl 2 in the same reaction system, the result shows that no corresponding Cu I tetrazole complex be obtained. ions can catalyst this reaction may be due to the Mn 2+ has the lower reduction potential (−1.185 V) than Zn 2+ (−0.7618 V) and Cd 2+ (−0.4030 V). As we know, the lower reduction potential, the stronger reducing power.
The local coordination geometry around the Cu ion can be described as a rare irregular trigonal planar which is connected by double β N atoms from different tetrazole groups, one N atom from pyridyl group of another 4-tetrazolepyrdine ligand. As shown in Table 1 As shown in Figure 2 , the binuclear copper subunits are further cross-linked by the molecular skeletons of the 4-tetrazole pyridine ligands in an end-to-end mode, thereby When we simplify the network using the procedure described by Carlucci et al., 22 and remove all the unnecessary elements which have no topological relevance, thus leaving only the essentials represented by nodes and linkers. As discussed above, each 4-tetrazole pyridine ligand links three metal atoms and can be regarded as a three -connector, and each Cu I center links three N atoms of three different 4-tetrazole pyridines. As a result of the simplification, we find that the copper metal atom and the 4-tetrazole pyridine ligand are 3-connected nodes of 2D (4, 3) three connected bimodal net (Figure 3 ). This kind of (4, 3) three connected bimodal net has been well described by Blatov, V. A. et al.
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As shown in Figure 4 , it should be noted that the Cu(I) ions of different layers form Cu1···Cu1 distances of 3.257 Å that is close to the sum of the van der Waals radii of two copper atoms. To the best of our knowledge, this type of Cu···Cu interaction is obviously stronger than that of tetrazole complex [Cu(Mtta)] n (3.484-3.592 Å) et al. 20 and Cu I triazole coordination polymer (3.421 Å). 19 The attractive interactions between closed-shell d 10 metal centers have received extensive attention because they play an important role in optical and electronic properties of polynuclear d 10 metal complexes. 15, 16, 25 In addition, there exist a weak interaction uncoordinated water molecules and pyridyl group that are speculated to hold together the molecules of the compound.
To further confirm the oxidation state of copper in target compound, we investigate the XPS in solid state. The result shows that the binding energy of C1s, O1s, and N1s in the title compound is at 285.80, 531.50 and 399.60 respectively. As shown in Figure 5 , the narrow survey XPS exhibits that the Cu2p binding energy peak is at 932 eV. The value together with the existence of satellite structure of the 
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To verified whether the framework of complex 1 is maintained after the removal of guest water molecules. TGA (thermo gravimetric analysis) was used to investigate framework stability. As shown in Figure 6 , for complex 1, there are two obviously weight loss "steps" in the graphic of TGA. The first clean weight loss "step" which looks like a downward slope occurred at ca. 77-148 o C (7.97% loss) corresponding to the removal co-crystallized water molecules (7.91%) from the compound 1. The second obvious weight loss 63.36%) happened at ca. 313-331 o C indicates 4 tetrazole pyridine ligand (63.41% per formula unit calculated) was removed from compound 1.
As is well known, the coordination compound containing Cu I often shows the fluorescence property, but Cu II compound does not. As we expected, at room temperature, solidstate of 1 shows three distinct strong photoluminescence with maxima (λ em at 469 nm, 483 nm and 494 nm) upon excitation at 355 nm ( Figure 7 ). According to previous research and our investigation on Cu I -tetrazolate compounds, 3, [12] [13] [14] [15] 27, 28 the two peaks at about 483 nm and 494 nm (shoulder) may be attributed to a [Cu-π*(tetrazolate)] metal-to-ligand charge transfer (MLCT), 19 while another strong peak at about 469 nm in title complex is tentatively probably involved with Cu···Cu [3d-4s] cluster-centered (CC) excited states. Especially, there may exist CC excited states because of the vibronic progression in the spectra and the short Cu···Cu distances in the structures, 25 but it is still uncertain in light of Cotton's work through DFT calculations, which points out that short Cu···Cu separation does not guarantee a metal-metal bond, and related bonds and angles with the bridging ligands should be taken into account. 25 
Conclusion
In conclusion, we have successfully synthesized a novel 2D coordination polymer {[Cu(4-C 5 H 4 N-CN 4 )]·0.5H 2 O} n 1 constructed by a binuclear copper(I) tetrazole units. The structure analysis shows an interesting Cu···Cu interactions. Complex 1 exhibits a strong green photoluminescence. 
